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Abstract 

During "Operation Hig Lift,” in October 1963, 

1^,700 troopr and 500 tons of cargo were transported 
in °35 missions in the largest long-range U.C. air¬ 
borne pea e-tine exercise attempted to date. Turbo- 
Jet and piston-engine aircraft traveled the S,600- 
mlle route between a series of i’exar airfields and 
ten Western Europe airfields In Germany, France, 
.pain, .'cotland, and liiglond. Hie entire operation 
was ai'i-orapllrhed, with enormous success, In 63 
hours. 

A; a wartime strategl ' operation, however, such a 
method for movement of troops to potential battle¬ 
grounds overseas would be cause for profound dis¬ 
may. rhe reliance on perfectly conditioned 10,000- 
foot landing runways, operational landing aids, 
stand-by support equipment, and Ideal weather con¬ 
ditions provide a basis for due apprehension. As 
long ar military transport systems must depend upon 
prepired landing surfaces, easily detected and de¬ 
stroyed by enemy gunfire or missiles, the entire 
concept of such troop movement is rendered com¬ 
pletely impractical under hostile conditions. 

This paper describes a concept for a rocket-powered 
troop transport which may potentially evolve from 
the reusable booster of tomorrow. Hie VTOJ, rocke* 
concept, however, is based on the premise that the 
Initial reusable booster, sized for a payload of 
approximately b00,o90 pounds-to-orbit, is ilro de¬ 
signed for land recovery. Ibe global transport 
derivative vehicle would then be correctly sized 
for ballistic delivery of a full U.G. Marine Corpr 
battalion (1,200 troops) or 13? tons of military 
oqulpnent at average speeds of 17,000 mph to any 
point on earth within U‘> minutes . On a typical 
mission for quelling a hypothetical brush-fire, the 
manned rocket carrier, equipped with a troop com¬ 
partment as a pnyload, would travel from the 
Atlantic Missile Range to the middle of Africa (a 
distance of c ;,600 miles) in 33 minutes, without 
depending on a previously prepared Landing strip 
for successful mission accomplishment. By throttl¬ 
ing of the engines, the troops (reclining on couches 
Installed on six decks) would not be subjected to 
any more than j g's during the 6 minutes of vertical 
ascent to the 1?7 nautloul mile apogee. Fins would 
be adapted to the booster version in order to re¬ 
strict the decelerations, during 12 minutes of 
controlled atmospheric entry, to a maximum of 3 g's. 
During entry, the b'slllstlo transport would glide 
it a 52 degree angle of attack, until the horizontal 
velocity Is nullified. Prior to a soft, landing, the 
propulsion system would cancel any vertical velocity 
component ind allow the vehicle to hover and trans¬ 
late horizontally for pin-pointing the landing site. 
Vertical touch-down would then be accomplished on 
four extensible legs In a manner similar to the 
Apollo method of Landing on the moon. 


Introduction 

Perhaps the era of the brute-force approach to 
rpn.ee flight, which began with Sputnik, on October 
5, 1957, may find Itself superseded within 3 or 4 
years by the .ige of the reusable booster. If such 
1 reusable carrier, which could be operational by 
1975, were soon subjected to a national funding 
oonraitmer.t, it is not premature to speculate on 
the most tttractlv* design characteristics which 
should be incorporated into this Post-fatum ve¬ 
hicle. Booster reusability is gradually finding 
acceptan *• by even the most reluctant of technical 
skeptic. However, reuse alone, of this hypotheti¬ 
cal transport, is not a sufficient goal. The 
piramount derlgn objective should be directed 
toward maximum mission flexibility. This premise, 
which Implies that land recovery be mandatory, 
would suggest the corollary of elngle-stage-to- 
orblt culpability, in order to minimize the problems 
of recovering the entire booster from orbit near 
the launch site. Clearly, incorporation of all 
these recacmended features would necessitate a 
radical departure from conventional booster design 
md would result in significantly increased en¬ 
gineering complexity and n high degree of technl- 
>1 sophistication. It does not appear, however, 
‘hat any proverbial "technological break-throughs" 
would be required before such a "flying machine" 
could materialize. A straightforward permutation 
of such a reusable booster would possess inherent 
potential applications for global transport sys¬ 
tems which are staggering to contemplate. 

A transport, which can operate In the manner de¬ 
scribed by this paper, rocketing lmnense battle 
units to distant war zones at speedsof 17,000 mpfa, 
could evolve into the most revolutionary advance 
In mliraary transportation since the airplane. 

Its impact on military strategy could modernize 
traditional Marine Corps techniques by replacing 
conventional sea power and amphibious operations. 
Logiftlcs problems of the U.J. Armed Forces would 
be facilitated by the delivery of supplies and 
equipment to anywhere in the world in a fraction 
of the time required by even the supersonic trans¬ 
port, assuming that a prepared landing strip were 
available for its military operations. The ve¬ 
hicle concept defined in this paper has been 
termed ITHACiis. 


Conceptual Vehicle Definition 

Before this paper attempts to describe the ITHACUU 
military transport, perhaps a brief explanation of 
its hypothetical predecessor, the ROMBUS reusable 
booster concept, is necessitated. The latter 
vehicle is extensively defined in the first three 
references of the bibliography. It should be em¬ 
phasized that this piper does not present the 





ITHACU3 troop transport as an Independent vehicle 
recanaendatlon but as an extrapolation to a poten¬ 
tial application for a land-recovered orbit booster. 

The nCMBUE conceptual vehicle (see Figure l) uses a 
plug-nozzle engine of altitude-compensating design. 
This type of engine is a necessity since a conven¬ 
tional bell nozzle vould not survive the aerodynamic 
heating during a stable base-first recovery. Re¬ 
covering the vehicle In this attitude will allow use 
of the same engines (employed during boost) to 
provide retro-thrust for terminal velocity cancella¬ 
tion; allowing the vehicle to gradually descend to 
a soft landing on earth. Because the engine's plug 
nozzle Is regeneratively cooled during ascent, the 
same cooling system vould maintain the temperature 
of the entry body within tolerable limits during 
peak aerodynamic heating prior to landing. The 
earth touch-down maneuver, on four extensible legs, 
will utilize the technology which will be developed 
for the Apollo manned lunar landing. 

The high-drag atmospheric entry body resembles a 
truncated cone with the isentroplc plug nozzle of 
the engine forming Its blunt re-entry nose. A conic 
section contains an internal spherical IX>2 tank, 
with a cylindrical four-man crew compartment 
installed near the upper edge of the truncated cone. 
Sight detachable (parachute-recovered) IH 2 tanks are 
strapped around the tapered center body during boost. 
These cylindrical LH 2 tanks provide aerodynamic 
"shadowing" for the two fins during vertical (bal¬ 
listic) ascent through turbulent atmosphere. The 
two fins (with lateral control surfaces) are at¬ 
tached to the exterior of the centerbody providing 
lifting maneuverability for pin-pointing the landing 
destination and for reducing the re-entry decelera¬ 
tions after the expendable LHg tanks have been de¬ 
pleted and Jettisoned. 


highly-trained and conditioned astronauts, but 
would prove to be excessive for fighting men, even 
in the best physical condition. Therefore, a 3-g 
limit during boost and entry was adopted as a 
physiological criterion. 

In addition to the physical differences of the two 
vehicles, the material (titanium), used for con¬ 
struction of the RCMBU2 reusable booster, vould not 
withstand the increased temperatures, of the ITHACUS 
re-entry mode, when the underside of the vehicle is 
subjected to a higher heat flux; therefore, it ap¬ 
pears that a type of stainless steel would replace 
the structural material of the reusable booster, 
at least on the underside of the vehicle. 

The "parent" RCMBU3 reusable booster weighs 14 
million pounds at lift-off. The sane gross weight 
was adopted for the hypothetical ithacus global 
transport; therefore, the same advanced engines, 
which would have to be developed for RCMRUG, vould 
be directly applicable to the ITHACUS version of 
the vehicle. Since RCMBUG required throttleability 
(or tfyrust modulation of engines) for its primary 
mode of operation, the ithacus flight profile was 
based on the same propulsion system chnracteristies. 
By sheer coincidence, the Post-turn booster size 
(with a lift-off thrust of 18 million pounds) will 
provide an ithacus -type derivative vlth a capa¬ 
bility of transporting a full battalion of troopn 
to a maximim required range of 7,600 nautical 
miles, assuming that a launch cite is available on 
each coastline of the Continental United States. 

On ml as ions where the 261*, 000 pounds of useful pay- 
load would be comprised of both troops and cargo, 
port of this cargo can be carried within canpart- 
ments installed in the unused volume above the 
rpherlcal liquid oxygtn tank. 



By comparing Figure 2 with the previous figure, it 
can be seen that the major distinction between the 
ITHAC iu version and the reusable booster version 
lies in the payload section configuration (which 
contains the troop compartment) and the addition of 
two fins shown between the liquid hydrogen tanks. 
The fins are necessary in order to restrict the re¬ 
entry decelerations to a raoximo of 3 g's. Without 
a lifting entry, ballistic decelerations might 
reach 10 or 11 g's, which my be acceptable for 


The table of Figure 3 presercs the principal dealgr 
parameters for the ithacus troop transport. The 
effective mass fraction for this vehicle is sig¬ 
nificantly less than that of its reusable booster 
counterpart. The designation "effective" indicates 
that the weight-reduction benefits attendant with 
IH 2 tank disposal during flight have i-een Included 
in^tbe performance calculations. The effective 
■ass fraction of ithacus is reduced to allow for l) 
the added structural weight of its fins, 2) the 
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additional weight of the stainless steel which re¬ 
places the tlt&nlua structure on the underside of 
the vehicle, 3 ) the added UU required for cooling 
the blunt nose during entry, 4) the Increased retro- 
propellant required and ‘j) for the added strength 
required of the four landing legs and attach fitt¬ 
ings. The mucus vehicle lands with payload at¬ 
tached; whereas, the ROMBUS reusable booster sep¬ 
arates Its payload in orbit. Only the ROMBUS 
centerbody (without payload) Is landed. 

The mucus transport version, although not acquir¬ 
ing orbit, requires some 000 fps In excess of or¬ 
bital velocity for Its balletic mission due to the 
Increased gravity losses during vertical ascent. 
Nevertheless, since the magnitude of the tvo mission 
velocity requirements are grossly comparable, this 
factor, more than any other, would explain why a 
booster, initially sized for a single-stage-to- 
orblt mission, can be directly adapted to a ballis¬ 
tic global transport mission. 

GLOBAL TRANSPORT PARAMETERS 



ITHACUS 

MILITARY TRANSPORT 
(P/L - 900 ft LB* TO 
7(00 N Ml RANGE) 

MAX. THRUST (LB ) 

IB M 

THRUST TaWT RATIO (T/W) 

!»*• 

MAX LIFTOFF WT (LB ) 

14 M 

USASLE PROPELLANT (LB ) 

12 M 

IFF MASS FRACT <») 

912 

VAC SPECIFIC IMPULSE (SEC.) 

459 

NOZ2LE EXPANSION RATIO (•) 

200 

IMPULSIVE VELOCITY (F.P.S.) 

30 9ft 

LANDING WEIGHT (LB ) 

1.2SM 

OVCRAll LENGTH (FT) 

210 

PAYLOAO DU. (FT.) 

70 


•CONSTAWT FOW AU 
MISSION RANGES ANO 


LOj /IH 2 rWOTtlLANT SYSTEM 
r c . woo psi. me. (O/F) - 7/1 
•2*4 K IS (132 TONS) USEFUL PAUQAO 


FIGURE 


Figure 4 Illustrate l the pressurized four-man crew 
compartment, which would be 1 n a tailed within the 
booster centerbody, above the spherical liquid oxy¬ 
gen tank. The crev would enter this f'ompartment by 
way of the external door and access ramp, then 
through the airlock. 

The airlock 1 b incorporated into the crew compart¬ 
ment, for mission flexibility, allowing the crew 
to participate in .-bital rendezvous one rations 
outside the '-WBU' (antecedent) vehicle, ^ince the 
10,000 pounds of this pressurized compartment vis 
not included in the initial weight breakdown for the 
POMBUfi orbital booster, It has been incorporated 
into the weight estimate for the mucus vehicle, os 
tabulated in Figure 9. 

three solid propellant motors provide emergency es¬ 
cape provisions for the crew during aborted flight; 
however, It should be noted that this capability 
will only be used during cargo transport missions 
or during the flight, test/develoixnent phase of the 
program. n uring troop transport operations, the 
entire vehicle will have complete abort (water- 
recovery) capability. 


the windows from excessive heating during ascent 
or entry. The lower heat shield Is .lettlsoned 
after entry, Just prior to the terminal r-tro- 
phase. The upper heat shield, which la necessary 
for the ascent phase, Is only Jettisoned prior to 
on emergency abort of the crew capsule. In the 
event of such an abort, two stabilizing fins are 
provided on the side of the crev compartment to 
prevent the capsule from tumbling during operation 
of the solid-motor escape rockets. 'Hie weight of 
ablatant necessary for thermal protection of the 
fins and the compartment underside has not yet 
been assessed. 


ITHACUS-ROMBUS 
4 MAN CREW COMPARTMENT 



FIGURE 4 


-'igure 5 depicts a typical low-altitude emergency 
escape condition and Illustrates the front panel 
being Jettisoned along with the ascent heat shield. 
lYlor to ejection, the centerline af the entire 
capsule is automatically rotated upward approxi¬ 
mately 30 degrees. The escape rockets then will 
thrust in on upward direction (as well as outboard), 
away frcm the Jeopardized vehicle. 


CREW CAPSULE EMERGENCY ESCAPE 

(CASCO TRANSPORT WUrN ANO FIICMT TUT ONLTI 



Two heat shields are provided above and below the 
external portion of the crew compartment to protect 



Plfun 6 depict* bow the recovery parachutes are 
deployed frcm tbelr stowage compartment at the 
appropriate altitude. In addition, two expandable- 
structure pneumatic bags are deployed from beneath 
the stabilizing fins In order to provide stability 
after touch-down at sea, and to absorb lnpact 
energy during a land-recovery node. 


EMERGENCY CREW ABORT 

(FLIGHT TEST ANO CARGO TRANSPORT MISSION ONLY) 



FIGURE 6 


The floor plan of Figure 7 Illustrates bow the POO 
Individual troop couches are arranged on each of 
the six decks. IXxrlng the few minutes of weight¬ 
less flight, the personnel are constrained by 
belts attached to the couches. On a rocket- 
propelled ballistic axles ion, of the ithacus type, 
the acceleration vector during ascent and the de¬ 
celeration vector during entry are oriented in the 
sane direction with respect to the personnel; that 
Is, the acceleration loads would he distributed by 
the couch to the sane portion of each passenger's 
back during either phase of the flight reglae. By 
comparison, where the pilot and crew are facing 
forrard for visibility prior to landing during a 
glide-type re-entry, they are subjected to severe 
discomfort and handicap fras the deceleration vec¬ 
tor orientation (eyeballs protruded). 

The floor plan Illustrates proposed stowage rack 
locations, for the Individual troop equipment, 
which say be required for limited warfare opera¬ 
tions. Also shown are the access stairwells which 
Interconnect the six decks for emergency egress. 
Three entry doors are located at each of the six 
levels for rapid loading and deployment of troops. 
In order to dlmlilsh the noise effect on personnel, 
the 70-foot diameter payload compartment would be 
constructed of a double-wall, acoustic-damping 
material. 


ITHACUS 

1200 TROOP COMPARTMENT ARRANGEMENT 



FIGURE 7 


Figure 8 delineates some proposed techniques which 
may prove effective toward reducing the antici¬ 
pated noise levels to within tolen*ble limits. It 
Is estimated that the ithacus type of propulsion 
system, delivering 18 -mllllon pounds of thrust, 
may produce a noise level of approximately l8l 
decibels (db) In the vicinity of the engine. A 
rigorous investigation has not yet been conducted 
to assess the intensity of acoustic energy Imposed 
on the payload portion of the vehicle. Neverthe¬ 
less, it currently appears that some supplementary 
techniques must be employed to further attenuate 
the acoustic excitation within the troop compart¬ 
ment. One or more of the tabulated techniques 
may effectively acccmpllsh this purpose. The noise 
consideration appears to present one of the major 
problem areas which must be resolved before per¬ 
sonnel can be transported by rocket-powered 
vehicles. 


atu«u 

ITHACUS NOISE REDUCTION TECHNIQUES 


INDUCTION Of NQKI AT SOU ACT 
. AM AUGMfSTATION OF XT STREAM 

. OTTMtin LAUNCH SAD DtSIGN (REFLECTED ACOUSTIC INf ACT) 

. DUCTING (Of FLECTION) OF XT ST At AN 
. IMPINGEMENT OE XT ON WATER SURFACE 

AE DUCT ION OF NOISE IN TAOOP COMPARTMENT 
. MECHANICAL ISOLATION OE FLOOA SUPPORTS AND SEATS 
. LON MOLECULAA WEIGHT GASES (0A VACUUM) BETWEEN MULTIPLE WAILS 
. INC At AMD MASS Of INFXA WALL 
. INCOATOAATI PANELS OE ASSOAPTIVl MATIRIAI S 
. REDUCTION OF INTERNAL (CASIN) PRESSURE 

. REDUCTION OE MOLECULAR WEIGHT OE BREATHING GAMS (HELIUM) 

REDUCTION OE NOfM ON PERSONNEL 

. ISOLATION OF CARS (EAR PLUGS. EAR MUFFS IN HELMET) 

. ISOLATION OE ROOT (SEALED INOFVIOUA1 ENCLOSURES HARO SPACE SUIT) 


FIGURE 8 


Figure 9 tabulates the breakdown of the mucus 
payload. The term 'booster payload” (500,000 
pounds) is required for the POMBIJS comparison and 
Is equivalent to 26 k ,000 pounds of usable payload, 
which can be comprised of either troops or cargo. 








Approximately 220 pound* per aan were allocated 
for each of the 1,200 troops with personal equip¬ 
ment. An appreciable allotment of 20,000 pound* 
was Included for the weight of gas to pressurize 
the huge volirae of the troop canpartment. As 
previously noted, 10,000 pounds were deducted 
frcm the payload to provide for the weight of the 
four-non crew capeule, escape system, and environ¬ 
mental control system. Many of the preliminary 
weight estimates, shown for structural components, 
can be significantly reduced through more rigorous 
design analvsls 


56 percent full. The engines are throttled at 
lift-off to maintain a com:tont thrust-to-weight 
ratio of 1.2*) A vehicle, which is designed with 
disposable tanks, is readily adapted to an off¬ 
loaded mission, merely by the elimination of seme 
of the external propellant tanks. The Internal 
oxygen tan* would not be filled to maxlsnss capacity. 
On son'.* of the shorter-range missions to inacces¬ 
sible destinations, propellant could be retained in 
the external tanks (attached to the upper side of 
the vehicle during entry) for "flying" the vehicle 
to a spaceport after landing and debarkation of 
troops. 


ITHACUS PAYLOAD 
PRELIMINARY WEIGHT ESTIMATE 



BOOSTER PAT10AD TO 7600 N Ml RANGI 400 000 (IB) 

(USI7UL PAYvOAO TO THIN Ml WANGC = JMOOOlBt 

*TCN*UGH1 TEST 4CARIO TRANVOWT MISSION ONLY 
SUBJECT TO FURTHER t4SIGN RtHNIMCNTS 



FIGURE 9 


Miss i on Profile 

Since a ballistic transport vehicle, of the type 
described, must have launch capability in any 
direction (easterly or westerly), a non-rotating 
earth vns assumed for the preliminary estimate of 
payload capability. Figure 10 illustrates '-he In¬ 
crease in payload which can be acquired during an 
easterly launch. For example, the nominal 500,000- 
pound booster payload (to a 7,600 nautical mile 
range) can be increased to 620,000 pounds, due to 
the added velocity Imparted to the vehicle from 
the earth's rotation, during on easterly launch. 

The proixilslon system specific impulse varies from 
377 seconds (at sea level) to U 55 seconds (at 
vacuum conditions). These values are based on as¬ 
sumed chamber pressure of j,(\)0 psl, with a 7 to 1 
mixture ratio (of oxygen to hydrogen) and an expan¬ 
sion ratio of 200 to 1, which Is provided by the 
altitude compensating nozzle. 

With the assumption of tvo launch-pad locations 
(one at AMR, the other at It!R), a range halT-vay 
around the world ( 10,800 nautical miles) Is not 
required In order to reach the key destinations 
whJ >'h were assumed. Clearly, such a range also 
can be realized by trading payload for added pro¬ 
pellants. Figure 11 tabulates the distance and 
trnmit times for the ithacuj vehicle to lU repre¬ 
sentative cities of the world. For the maximum- 
range missions (such as AMP to Bombay or TMR to 
Singapore), the vehicle would be fully loaded with 
propellants, '/hen the payload is maintained at 
constant weight, the propellant would be off-loaded, 
prior to lift-off, in order to perform the shorter- 
runge missions. For example, a m sslon frem AMR 
to London would necessitate propellant tanks only 


FIGURE 10 


Figure 11 tabulates the transit times of the ITHACUS 
vehicle to lk principal cities, as compared with 
that required for today's Jet transport and, also, 
with that required by the proposed supersonic trans¬ 
port, which was assumed to travel at 2.5 times the 
speed of sound. It should be noted that neither 
the supersonic transport, nor the Jet transport, 
will possess the extensive range capability of an 
ITHACUS -type vehicle. Assuming that the supersonic 
transport could travel the 7,500 nautical sdles 
fran FMR to 'Ingapore without stopping to refuel, 
its flight would consisae seven times the duration 
required by the ITHACUS vehicle. The Jet transport 
would necessitate a travel-time approximately 20 
times greater. 
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BALLISTIC TRANSPORT CAPABILITY ESTIMATE TO 
PRINCIPAL CITIES OF THE WORLD 



FIGUkE 11 


The 14 locations tabulated In the previous figure, 
and their relative ..ocatlon from the tvo assumed 
launch sites, are shewn on the map of Figure 12. 
These 14 cities were not completely arbitrary In 
their selection. They vere selected since they 
are normally accepted by comerclal air carriers 
as principal locations for establishing global net¬ 
work coverage. 


GLOBAL TRANSPORT 

ESTIMATED DISTANCE L TRAVEL TIMES FROM AMR & 
PMR TO 14 KEY CITIES FOR WORLD-WIDE COVERAGE 



FIGURE 12 


Figure 13 illustrates a typical mission profile 
which would result from an imposed 3-g limitation 
during boost and entry. Booster burn-out would 
occur approximately 6 minutes after lift-off at 
an altitude of 82 nautical miles and a velocity of 
approximately 24,j00 fps. The vehicle would coast 
for an additional 7.5 minutes until apogee was ac¬ 
quired. At this point, the velocity has decreased 
to 24,150 fps. The apogee altitude of 127 nautical 
miles Is well above the edge of the sensible atmo¬ 
sphere. Most of the mission vould be accomplished 
above the atmosphere where drag is non-existent. 
Some 10 minutes after apogee condition, the vehicle 
will start the entry portion of the flight profile 
when it again approaches the edge of the atmosphere 
at an altitude of approximately 400,000 feet. The 


reaction control system will orient the vehicle 
Into the required 49 degrees nose-up attitude 
prior to entry. 

At lift-off, dae to the engine thrust-to-welght 
ratio, the venicle Is accelerated at 1.25 g'a. 

As propellant Is depleted, and the acceleration 
Increases, the engines are throttled In order to 
restrict the maxima to 3 g's. This condition Is 
maintained until main engine cut-off. IXirlng re¬ 
entry, the vehicle again Is restricted to a 3-g 
k»<ih« condition. The bank angle Is modulated, 
at constant altitude, to satisfy this condition. 

A 52-degree angle-of-attack will produce a vehicle 
lift-to-drag ratio of approximately 0.42. After 
the horizontal velocity has completely decayed, 
and the vehicle has reached a stalling condition, 
the attitude control system will orient the vehicle 
through an angle of 77 degrees until the base Is 
pointed directly downward. A few segments of the 
propulsion system are then restarted in order to 
caned the vertical velocity. The vehicle has the 
capalillty of hovering and translating horizontally 
prior to settling down on the four extensible legs. 



FIGURE 13 

Figures 14 through 24 depict the various phases of 
the mission profile from troop loading to debarka¬ 
tion. Prior to loading of troops, the vehicle 
would be completely checked out nd propellant 
tanks would be filled. Constant topping would as¬ 
sure that the propellant in tic tanks was at the 
propr level prior to lift-off. 

The troops would enter the vehicle through a gantry 
tower, incorporating a number of elevator platforms 
which lead to the loading ramps. Three rampn ser¬ 
vice the entry doors at each of the six deck 
levels of the vehicle payload. fhree entry doors, 
placed between the external LH 2 tanks, will ex¬ 
pedite the loading and unloading operations. 

IXirlng re-entry, these door openings are : cn«d 
on the upper side of the vehicle, keeping ‘ h<. 
highly heated underside free of structural opauings 
and discontinuities . 
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FIGURE M 


In many instances, where instant-strike capability 
is required, squadrons of B-52 aircraft are kept 
airborne around the clock. Under similar circum¬ 
stances, it nay prove feasible to maintain mucus 
in a state of Instant readiness, with troops loaded 
on-board the vehicle, prepared for lnmediate dis¬ 
patch to a potential trouble area. The propellant 
required for chill-down, and for topping of the 
tanks during an 8-hour ground hold with troops 
aboard, was estimated. It was calculated that an 
additional 9 percent of LH 2 (based on tank capac¬ 
ity) and an addition 1.6 percent of LOg would com¬ 
pensate for the boil-off losses resulting from 
these conditions. He-call and re-direction capa¬ 
bility could be Incorporated into the on-board 
computer which controls vehicle guidance to pre¬ 
determined destinations. The crew would be pro¬ 
vided with manual over-ride of the computer. 


internal tank through the turbine discharge port 
located in the center of the engine plug nozzle. 

In the event of an aborted misslcn ; ample propel¬ 
lant would be retained on board to assure that 
adequate retro-thrust can be provided, prior to 
sea recovery of the entire vehicle. In this sense, 
a rocket-powered VTOL, which can use an entire 
ocean as its emergency landing site, may be inher¬ 
ently safer than a Jet aircraft which must depend 
on reaching a particular airport for an emergency 
landing if trouble develops. 



FIGURE 16 


After dumping of propellants, four expandable- 
structure spheres would automatically be deployed 
from the extended landing legs to assure hydro¬ 
static stability of the entire vehicle after 
alighting on the ocean. During this emergency 
recovery mode, the vehicle would be towed back to 
port. Numerous surface vessels and tow lines are 
used to stabilize the vehicle against adverse 
wind effects during retrieval. 



During a normal ascent, mucus would rise almost 

vertically for about 70 seconds. In the event of FIGURE 17 

an engine malfunction, or an emergency abort con¬ 
dition, the eight external tanks can Immediately be 
separated and Jettisoned at sea; containing the 
hazardous liquid hydrogen. The major portion of 
the liquid oxygen would be pimped overboard frcn the 
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TERMINAL RETRO 
THRUST-2500 FT. 


START RE-ENTRY 


pilot's and co-pilot'• compartment Incorporates 
unobstructed downward-vision windows to confirm 
the sultabllltjr of the touch-down location. Ihpld 
deployment of troops would be a mandatory require¬ 
ment for such a *1111017 operation. * cumber of 
potential techniques and devices, which would be 
employed to assure Im s rd late unloading af troops 
and support equlpsrnt, are Illustrated In Figure 


FIGURE 20 





PILOT'S DOWNWARD VISION 
(PRIOR TO TOUCHDOWN) 



On * typical mission to aid Africa, It appsars 
feasible to recover the vehicle after troops hare 
been unloaded. Although rigorous coat analysis 
baa not yet been conducted for ithacus, an extenalra 
investigation (Reference 13) reaolrad the coat of 
the HOKBUS "parent" vehicle at approximately 4l6U 
million for the flrat flight Item and at an average 
coat of *56 allllon per copy, for a aaaple of ap¬ 
proximately 150 vehicle*. It, therefore, a p paara 
that the reuee of the troop transport would be 
extremely attractive, even when the vehicle la 
located at a remote, lnacceaalble, land-locked 
destination. In aucb an event, limited propellanta 
would be "trucked" In on ground vehicle* which can 
traverse the difficult terrain (Figure 25). After 
refueling, the vehicle could then make a abort 
"flight" to the naareat coaatllne, where a "crawler" 
would lift It and tranaport It to a waiting barge. 
Peturn of the vehicle to the refurblahment and re¬ 
launch alte would be accomplished In a manner 
ptaller to the ROKBUS ground operations, as defined 
In Reference 1 (see Figure 26). 


The ithacus propulsion system la comprised of <6 
toroidal combustion chambers which each produce 
500,000 pound* of thrust at lift-off. After re¬ 
entry, selective engine modules are Ignited at an 
altitude of 2,500 feet to provide retro-thrust for 
terminal velocity cancellation. At re-Ignition, 
only 2 million pounds erf total thrust are required 
to produce almost 2 g'e of deceleration. These 
modules are progresalvly throttled for 12 seconds; 
they then produce 1.26 mill loo pounds of total 
thrust to balance the recovered wight. Roll con¬ 
trol la provided by the attitude control system. 
Since only eight modules (of the available 36 seg¬ 
ments) are operated at half-thrust (or lower) 
during this maneuver, extensive redundancy and Im¬ 
proved mission reliability are provided at no ad¬ 
ditional weight penalty. After the hover maneuver, 
the engines are automatically cut off when the 
Landing legs are compressed, as shown In Figure 2b. 



REFUELING ITHACUS PRIOR TO FLIGHT TO RECOVERY PORT 

LIMITED PROPELLANT QUANTITIES REQUIRED 



FIGURE 25 


Although the suggestion of launching a booster 
directly from its landing legs (without a latich 
pad) nay appear rather unrealistic, "It's not 
necessarily so." It should be clarlfisd that the 
Apollo mission depends an precisely such an opera¬ 
tion, on the return phase. The Lunar Excursion 
Module (L£H) is launched, while supported by Its 
four legs, from the lunar surface, where no Gape 
Ke nn e d y 1* known to exist. 

In time, perhaps, the launch c cm p l e x, which was re¬ 
quired at the outset of the mission, nay be dis¬ 
pensed with, although It appears that Initial 
operations would be conducted from a launch pad. 
During the retrieval flight of ithacus, the required 
engine thrust Is at a greatly reduced level, since 
the vehicle la essentially empty. Therefore, the 
problems attendant with the engine noise level, and 
with the exhaust plime effects on the touch-down 
surface, are significantly diminished. 


FIGURE 24 






ITHACUS RECOVERY AFTER FLIGHT FROM INTERIOR 

VIHIClf OUlVfRtD TO THEATER ORE RATIO** CENT!* 


The control surface* of the two fins (located be¬ 
tween the hydrogen tanks) are stowed In tlie locked 
position during ascent. An the vehicle Is boosted 
through the atmosphere, the trailing edge of these 
control surfuces will be subjected to heat flux. 
Hgure 20 Is an historical temperature plot of the 
control surface edge. Six minutes after lift-off, 
this edge reaches a maxlmixn temperature of approxi¬ 
mately 1,100 degrees Fahrenheit. On the outboard 
edge of the fin, in the vicinity of the vertical 
control surface, the structure will be subjected 
to a maximum temperature of only 200 degrees 
Fahrenheit. The trailing edge was assumed to be 
constructed of euainlesB steel, formed into a 3- 
foot radius. One potential problem area, which 
has not been subjected to rigorous Investigation, 

1b the degree of shock wuve reflection between the 
IJO tanks and the fin surfaces. The Intensity of 
heating and buffeting, which may result from these 
Interactions, should be Initially resolved through 
wind-tunnel testing. 



FIGURE 26 


Parametric Mission Criteria 


Figure 27 presents an historical plot of the 
ascent trajectory for a representative mission 
from AMP to mid-Africa. The parameters of veloc¬ 
ity, altitude, flight-path angle, and acceleration 
are plotted as a function of time from lift-off. 

Tlie initial thrust-to-welght ratio of 1.25 will 
build up to approximately 3 g'e after 150 seconds 
of flight. Acceleration Is maintained at 3 g's, 
for 3*5 minutes until burn-out, by progressive 
throttling of the main engines as propellant Is 
consumed. The plot defines the point at which the 
first four external hydrogen tanks are Jettisoned, 
seme 135 seconds after lift-off. The propellant 
Is depleted from these four tanks concurrently. 

In order not to adversely affect the vehicle's 
stability, the tanke are separated slmultanesouly. 
Approximately 240 seconds after lift-off, the next 
pair of tanks are Jettisoned, with the last pair 
ejected Just after main engine cutoff, 350 
seconds after lift-off. These tanks are parachute- 
recovered, from the ocean, by an LDO, as described 
in Reference 1. 


ITHACUS EXIT TRAJECTORY 



FIGURE 27 



Figure 2*7 plots the atmospheric entry phase of the 
mission trajectory. By resorting to lift modula¬ 
tion by varying the bonk angle during entry, the 
deceleration can be restricted to a max Inrun value 
of 3 g's. After the initial peak deceleration, 
the physiological loads vary between 1.0 and 1.5 
g 1 6 for the remainder of the trajectory. It 
should be noted, however, that the troops would be 
subjected to more than 2 g's for only a period of 
approximately 1.5 minutes. The personnel would 
then have available an fi-mlnute Interval for re¬ 
covery from 2 g'6 prior to active debarkation. 

Ihe peak de'eleratlon load occurs 190 seconds 
after entry. 9horMy, thereafter, the vehicle is 
o aimed through a n angle of 7i degrees (ar cur.d the 
velocity vector), which Is progressively decreased 
during on Interval of 200 seconds. During this 
Interval, the vehicle maintains a constant altitude 
of 160,000 feet and a constant flight-path angle 
of zero degrees. The initial flight-path angle of 
2.7 degrees, down from the local horizontal at 
entry Into the edge of the atmosphere (400,000 
feet), Is decreased to zero degrees within 3 min¬ 
utes. The vehicle 1 b maintained at a constant 
angle-of-attack of 52 degrees fran the velocity 
vector throughout the entire regime of the entry 
maneuver. Approximately 12.5 minutes after entry, 
when the propulsive portion of the landing maneuver 
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1b Initiated, the vehicle has traversed some 1,650 
nautical miles of range from the point of atmos¬ 
pheric Insertion, and the flight path angle has 
Increased to 65 degrees below the horizontal. The 
vehicle centerline Is oriented 49 degrees above the 
horizontal, at start of entry, and 13 degrees down 
from the horizontal at the end of the atmospheric 


ITHACUS PRELIMINARY ENTRY TRAJECTORY 



TIME AFTER ENTRY (SECONDS) 


FIGURE 29 


Figure 30 compares maximum re-entry temperature of 
the ITHACUS vehicle with comparable values for the 
Ill-fated X-20 Dynasoar. The 4,000 degree Fahren¬ 
heit nose temperature of the X-20 is analogous to 
an equivalent 600 degree Fahrenheit nose tempera¬ 
ture of ITHACUS, due to the effective cooling of 
the ITHACUS nose by circulation of liquid hydrogen. 

The blunt nose of the ithacus configuration provides 
an added fringe benefit. The shock wave propogated 
from the nose of this blunt entry body will protect 
the fin leading edges from severe heating conditions. 
The fin leading edge of the X-20 glider is shown to 
be approximately 3,000 degrees; the ITHACUS vehicle, 
approximately 2,500 degrees. It should be noted, 
however, that these values are theoretical maximum 
temperatures which do not allow for any heat-sink 
capability for the vehicle structure. The follow¬ 
ing figures present the actual maxlmums predicted 
for the pertinent hot-spots on the vehicle struc¬ 
ture. The ITHACUS fins were sized to allow approxi¬ 
mately 4,000 square feet of total surface area. 

The entire area can be contained within the 
envelope defined by the external hydrogen tanks. 
Hence, wind shear gradients during boost are not 
imposed directly on the fin surface area; other¬ 
wise resulting in severe de-stabilizing manents. 


MAXIMUM RADIATION EQUILIBRIUM TEMPERATURES* 
FOR WINGED VEHICLES DURING ENTRY 



FIGURE 30 


Figure 31 is an historical plot of the main body 
entry temperature for ITHACUS. It indicates that 
a maximum of approximately 1,350 degrees Fahren¬ 
heit is reached some 480 seconds after atmospheric 
penetration. This temperature is associated with 
a stainless steel (3-inch honeycomb sandwich) con¬ 
struction for the underside of the body, with ex¬ 
ternal skins approximately .080 inches thick. 

When thickness, and resulting heat stowage capa¬ 
bility, is attributed to the material of the ve¬ 
hicle, it is evident that the theoretical maxim™ 
of 1,600 degrees Fahrenheit (shown in Figure 30) 
will be reduced to approximately 1,350 degrees 
Fahrenheit. The 5,030 square foot reference area, 
indicated in Figure 31, is the cross-sectional 
area of the 80 -foot diameter base. 



FIGURE 31 





ttfurt 32 Is a plot of the fin leadii*-edge tem¬ 
perature and indicates that a aaxlu of 2,000 
d*fr»ti Fahrenheit Is rsachsd approx lasts ly 220 
ssconds after atmospheric entry, as compared to 
ths 2,500 degree Fahrenheit theoretical aaxlaa 
sham in Figure 30, or the 3,000 degree Fahrenheit 
leading edge temperature of the X-20. The plot 
of Figure 32 Is based on an assueed leading-edge 
radius of 2-1/2 feet and stainless steel con¬ 
struction vlth a akin thickness of .2 Inches. 


Althoigh a high L/P lifting body would provide 
greater Maneuverability during the entry phase, a 
Moderately low lifting body appears to provide 
suitable control capability. Figure 34 plots the 
variation of the ithacuh L/D ratio (Cl - 0.75, 

Cd - 1,78) as a function of the axgle-of-attad. 

It can be seen that a maximus L/P of about .42 
can be acquired at angle-of-attack values between 
4s degrees and 55 degrees. At a zero angle-of- 
attack, no lift Is generated by the ithacu.h vehicle; 
resulting In a pure ballistic re-entry with Its 
exceedingly high decelerations, as previously dis¬ 
cussed. 



FIGURE 32 


The plot of Figure 33 defines the variation of the 
previous saxlan temperature (2,000 degrees Fah¬ 
renheit), as a function of the stainless steel 
sheet thickness. When the thickness is halved, 
the mexlmua temperature will Increase to approxi¬ 
mately 2,400 degrees Fahrenheit. When the leading- 
edge thickness Is doubled, the mexlmua tempera¬ 
ture would be decreased to approximately 1,400 
degrees Fahrenheit. 



FIGURE 33 


FIGURE 34 


Figure 35 is a plot of the maneuverability which 
is predicted .or a vehicle of the muoiii type. 

When s constant bank angle is maintained through¬ 
out the Initial 3 minutes and final 6 minutes of 
entry (excluding the constant-altitude portion), 
the down-range and cross-range maneuver capability 
can be varied as shown. The nominal design point 
of the iTHACUo vehicle, which allows a maxlnssn de¬ 
celeration of 3 g's during re-entry, would be ac¬ 
quired vlth a constant bank angle of 50 degrees. 
Under these conditions, the down-range maneuver 
capability could be varied by 1,S00 nautical 
miles, with the cross-range touch-down point con¬ 
trolled to approximately 120 nautl'-al miles. 

These var it Ions are defined as dispersions from 
the nominal touch-down location resulting fren 
pure ballistic entry (without lift capability). 
IXirlng a FCMBUS ballistic recovery from orbit (at 
an angle of 1.5 degrees), It vas estimated that 
-he 3-sl0Ba touch-down dispersions would be con¬ 
tained within an ellipse having a 1 j.6 nautical 
mile major axis and a 1.6 nautical mile minor 
axis (C.E.P. - 1.53 nautical miles). 

After ITHACU3 horizontal velocity cancellation, 
selective segments of the propulsion system would 
be re-Ignited to provide hover and horizontal 
translation capability for the vehicle. It Is es¬ 
timated that approximately 60,000 pounds of on¬ 
board propellant would be required to allow the 
vehicle to hover, then pitch over 10 degrees, and 
translate 1,000 feet horizontally In 30 seconds. 
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ITHACUS 

MANEUVERABILITY ENVELOPE 



FIGURE 35 


Onr major consideration, which must be reckoned 
with when considering a troop transport mission 
of the ITHACUS type, would Involve the time re¬ 
quired to prepare the vehicle for flight readiness. 
The time-consuming preparations and count-down 
procedures, required for today's Dependable boosters, 
would render a rocket-transport mission Impractical. 
Since ITHACU: would not be operational until the 
early l'^tio's, it is not unrealistic to postulate 
that, after booster reuse ha; become commonplace, 
the flight readiness time may be diminished to a 
level conporable to that of toda”'e conmerclal 
aircraft; that Is, from touch-down to the next con¬ 
secutive night. 

For the HOMUUf, reusable orbital booster, It. was 
estimated that 76 days would be Initially required 
for vehicle turn-around time from first launch to 
first re-launch. This conclusion was based on the 
foilowltime estimates; l) vehicle refurbish¬ 
ment required 16 days, 2) one week stay-time of 
vehicle on launch pad, and 3 ) one week required 
for launch pad refurblshsent. It is an Impossible 
task to postulate, conclusively, the degree of 
Increased confidence level and reduced launch 
preparations which will result, from repeate 
booster reuse. Only experience can be substituted 
for speculation and conjecture on these vital con¬ 
siderations. Clearly, Is Imperative that time- 
consuming pre-flight operations must be minimized. 
Towurd this end, the ITHACUS vehicle would contain 
on-board automatic check-out equipment to provide 
Instant readiness. 

The prremlse of reduced turn-around time accepted, 
the major consideration retailnlng> to Influence the 
feasibility of rocket-borne troop transports, 
would be that time required for loading and unload¬ 
ing of the vehicle. Figure 36 tabulates estimated 
loading times, comparing the ITHACUS military 
transport with equivalent numbers of military air¬ 
craft, which would be required to accomplish the 
***** payload-carry!ng mission. Hie rocket trans¬ 
port would require approximately twice as long to 
load 600 troops and 132,000 pounds of cargo. a " 
the ten equivalent aircraft would necessitate. 

DurlTO the unloading operation, It is estimated 
that the troeps from the rocket transport could 
be debarked In slightly more time than Is required 


for comparable aircraft. However, cargo unloading 
from the rocket transport would require approxi¬ 
mately twice as long. “ the aircraft, due to tne 
100 -foot (or more) height from ground level of the 
cargo carried aboard. 


GLOBAL TRANSPORT VS PLANE 

LOADING AND UNLOADING TIME COMPARISON 


FIGURE 36 


Figure 37 compares the ITHACUS vehicle, with its 
landed weight of 1.26 million pounds, with three 
typical military aircraft which vary from 270,000 
pounds to 60,000 pounds at touch-down. The table 
Indicates that the ithacus vehicle, even when only 
three of Its four legs are loaded on tcuch-dovn, 
con land on any type of terrain, with the exception 
of quick-sand or slit. By comparison, the B-52C 
and DC-8 could not be supported by anything other 
than hard rock, which has an allowable bearing 
p^rassure of 50 tons per square foot. The C-1I0, 
however, could be supported by soft rock, which 
har ar allowable bearing pressure of 8 tons per 
square foot. For a typical mission (from AMR to 
mid-Africa), the table shows that the weight of 
the ITHAC'JS troerp transport could readily be sup¬ 
ported on coarse sand (such as Is found In the 
Tahara desert) by moderately-sized landing pads 
( 6 -feet square) on each of the four landing legs. 


GLOBAL TRANSPORT VS AIRPLANE 
LANDING LOAD COMPARISON 



FIGURE 37 


13 






Figure 38 compares ithacib with one proposed version 
of the SOT (ru per ionic transport). Although mucus 
has approxlaately eight tlaee the payload capabil¬ 
ity of the SOT, its gross weight is 26 tlaee larger, 
and Its landing weight la 4.5 tines greater. It 
has a range two and one-half tines as great as the 
SOT. Its cruising speed, as Indicated In Figure 
36 , would be eight and one-half tines that of the 
SOT. The principal advantages offered by the bal¬ 
listic transport are: l) transit tine reduction 
and 2) ellr 1 nation of the requirement for a land- 
lrg runway. Undoubtedly, one parameter Influenc¬ 
ing the evolution of an mucus -type vehicle will 
be Its cost-effectiveness. As Indicated by the 
figure, it does not appear that a rocket-powered 
vehicle, using high-energy propellants, can ef¬ 
fectively ccnpete with airplanes on an operational 
cost basis. 


GLOBAL TRANSPORT VS. AIRPLANE 
FUEL COST COMPARISON 
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FIGURE 3B 


When a large mssber of reuses can be realized for 
each vehicle, the operational costs are caeprlsed, 
principally, of launch costs and the cost for pro¬ 
pellants. Figure 39 presents preliminary cost 
estimates for the transport mission. The total 
cost for both rocket propellants, at a mixture 
ratio of 7 to 1, Is approximately 5^ per pound as 
compared to 2/ per pound for each pound at kero¬ 
sene cons used by the aircraft engine. In terms 
of cost per seat-mile, considering only the 
specific fuel cost (when the vehicle cost Is 
amortized over a large number of flights), mucus 
would coat 27 times aa much to operate than would 
a conventional Jet aircraft. 


FIGURE 39 


Concluding Remarks 

Clearly, the argument for a rocket-powered trans¬ 
port Is not based on econcxny, nor Is Increased 
passenger comfort a realistic rationale; neverthe¬ 
less, the same con be said for the GST. Yet, the 
insatiable demand for ever-increasing speed Is 
providing the necessary Impetus for development of 
the S3T, although no pretense of Improved economy 
Is Implied. 

An ITHACUS-type vehicle would not be developed for 
the specific missions defined herein. Its mission 
potential must be examined within the proper con¬ 
text - as a possible extension of reusable booster 
technology. Only when the latter machine already 
exists, for satisfying space exploration require¬ 
ments, will Its adaptation for ballistic transport 
purposes appear warranted. Before the desirabil¬ 
ity of a ballistic transport can be established, 
its anology to "Operation Big Lift" must be re¬ 
examined. The 4.45 million pounds of total pay- 
load, transported during "Big Lift" which required 
235 missions, could be performed with 17 mucus 
missions. The 10 hours required for each airplane 
flight could be reduced to slightly more than an 
half-hour without refuelling - and each military 
mission could be undertaken with the complete as¬ 
surance that a landing site would be In existence 
upon arrival at the destination. Nevertheless, 
the following fundamental questions remain to be 
resolved: 


Although cost of cryogenic propellants can be 
pected to reduce with mass production. It does not 
appear that It can conceivably be reduced to a 
competitive level vlth JP-4 fuels. Moreover, a 
ballistic trajectory, of the mucus type, would 
consuse far more propellant weight, for the same 
total range and payload, than would a conventional 
aircraft. Tills point Is borne out by Inspection of 
Figure 39* For example, seven DC-8F airplanes 
would carry a total payload equivalent to mucus 
TTiese seven aircraft would consume a total of 
1.46 million pounds of JP-4 (at 2^ per pcxind), as 
compared to mucus which requires 12 million 
pounds of cryogenic propellants (at am average 
cost of 5^ per pound). 


1. what Is the military significance of trans¬ 
porting an entire battalion of troops In 
one vehicle 

2. what price will we pay for drastically In¬ 
creased speeds and impressive reductions 
In flight time 

3. how much is the added logistic flexibility 
worth when reliance on a landing strip is 
not required 

4. what dollar value shall be assigned to an 
unilmlted-range capability 

5. how Is the deterrent consequence appraised 
of a military arsenal which includes ve¬ 
hicles with the above capability 
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6. how can the vulue he assessed of the added, 
Btlll unknown, benefits which are certain 
to be derived from further applications 
of reusable booster derivatives? 

The fO'BMs ant.ecent hu6 been estimated to cost 
from r > to 6 million dollars for development. He*/ 
much can be saved by designing the rTHACUb version 
as a straightforward modification of a presumably 
existing vehicle, and to what extent would this 
cost reduction offset the unattractive operational 
cost-effectiveness of the ballistic transport? 

In conclusion, It must be stated that approximately 
a billion dollars will be spent for development of 
the Supersonic Transport, purely for the sake of 
increased speed. Based on an estimated market of 
*40 to 80 airplanes, each 3ST would cost three to 
four times as much as today's commercial Jet trans¬ 
port; yet, this fact Is not hindering necessary 
progress In a vital technology. 

Perhaps a smaller version of ithaous, related to a 
Saturn-class of reusable booster, would prove more 
attractive. A ballistic transport of this size 
could also function aG a tourist carrier to earth 
orbit and return. The military ITHACUS Elze, as 
were many of Its design features, was a direct re¬ 
sult of Its predecessor configuration, the ROMBUS 
reusable booster. Although the ithacuu concept has 
been subjected to only a superficial analysis, It 
can be stated, with a high degree of confidence, 
that its technical feasibility has been completely 
verified. 
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